Abstract
Introduction

31
Despite the fundamental role of vaccines in the decline of infant mortality [1] , the decision of vaccinating one's 32 own children is often made with some anxiety [2] . Concerns are varied and include the safety of single vaccine 33 components, the age at first immunization (i.e. too early) or the number of vaccines (i.e. too many) [2] . Severe 34 adverse reactions are extremely rare [3] , but parents may have more general worries regarding the capacity of 35 such a young immune system to bear immunizations. The aim of this review is to summarize key concepts of 36 human immunology and vaccinology to understand the reaction of the early age immune system to vaccines. 37
Vaccine-specific immune responses in children 38
Development of vaccine-specific immunity 39
The development of adaptive memory responses, which are the primary target of immunizations, needs phenotype [Reviewed in 7, 8] , which is then reverted through booster doses and adjuvants [9, 10] . 45 Nevertheless, the development of a memory pool is not prevented, even in subjects with undetectable effector 46 responses [11] . 47 one single vaccine) and simultaneous administration (more than one vaccine is administered concurrently but 146 at different anatomic sites). Simultaneous administration may be less compliant [121] given at the same time will exploit only the 0.1% of the B cell response [137] . 164
Conclusion
165
The tremendous benefits that immunizations have on children's health may be undermined by personal risky 166 choices (not doing or delaying vaccinations) driven by some misconceptions such as: i) underestimating life 167 threatening diseases or the functionality of an early age immune system; ii) overestimating vaccine side effects. 168
Complete and reliable lists of adverse events connected to immunizations may be easily found (Box 1) to 169 inform parents. Conversely, the understanding of the interaction between the early age immune system and 170 vaccines is a more complex issue that involves several notions of immunology and vaccinology, and inadequate 171 answers to parents' doubts on these topics may have deleterious effects on immunization programs. Parents 172
should be reassured by current evidence demonstrating direct and indirect benefits of vaccines, such as a 173 decrease in overall morbidity and mortality from pediatric age, and a positive role in the development of the 174 immune system ( Table 1 ). The knowledge of these indirect effects, the awareness of the threats that some 175 vaccine-preventable diseases pose especially in early age, and a correct understanding of infant immunity may 176 thus provide the basis to avoid the counterproductive decision of underimmunization (such as delaying 177 vaccinations or avoiding multiple immunizations, see Table 2 ). This decision, although taken with the good 178 intention to safeguard one's own children, may easily put at risk their life and the health of surrounding 179 show therefore a poor effector response, biased towards a Th2 type (6). B-cell responses are also impaired: T-525 cell independent humoral responses develop only several months after birth (7) and even T-cell dependent 526 ones are weak due to a low expression of co-stimulatory molecules (8) and a limited development of T follicular 527 helper cells (9). The IgG production is limited as plasmacells are poorly functional (10) , and produced 528 antibodies show reduced affinity maturation and shorter lifespan, in addition to be mainly constrained to the 529 IgG1 subclass (11). Defects at the level of APCs and CD4 + T-cell activation result in lower effector CD8 responses 530 against some antigens (12), also due to higher levels of suppressive populations (13). Further details and 531 literature references are presented in Table S1 . Abbreviations: APC: antigen presenting cell; TLR: toll like 532 receptor; PAMP: Pathogen-associated molecular pattern; PRR: pattern recognition receptor. 533 534 Table 1  535 Immune-related heterologous effects of vaccines. Proposed mechanisms and literature references are shown 536 in Table S2  537 Factor Effects Susceptibility toward unrelated infections BCG and MMR vaccines have been associated with lower risk of infections. DTP vaccine has been associated in some studies with an increased susceptibility to enteropathogens in girls but showed a protective effect against respiratory infections.
Adjuvant effect BCG vaccine has been shown to improve responses toward vaccines administered at the same moment or later, and is used as immunotherapeutic against cancer.
SIDS
Some vaccines, and in particular DTP, have been associated with a reduced incidence of SIDS.
AIDs
Clinical and cohort studies failed in finding an increased prevalence of AIDs in subjects exposed to vaccines or adjuvants, suggesting that AIDs and ASIA are not generalized phenomena. Further studies are necessary to assess frequency and mechanisms of the reported cases.
Atopic disorder MMR and BCG vaccines have been shown in some studies to decrease the risk of asthma. Conflicting results have been shown for DTP vaccine.
Overall mortality BCG, MMR, Smallpox and oral Polio vaccines have been associated with a lower mortality rate. DTP vaccine has been associated with either increased and decreased non-specific mortality. However, current evidence is insufficient to support either of these conclusions. 538 539
